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Materials and Methods 95
Fungal strains 96
Experiments were conducted using 5 fungal strains isolated from maize kernels 97 in Northern Italy. One strain was F. verticilloides (ITEM 1744), a confirmed 98 fumonisin producer (Moretti et al., 1995) , and four strains of A. flavus: A 2092 99 and A 2057, high (1156 ng AFB 1 /g of culture media) and low (0.3 ng AFB 1 /g of 100 culture media) AFB 1 producers respectively; and A 2097 and A 2082 non-AF 101 producers (Giorni et al., 2007) . Aspergillus strains were held in the culture 102
collection of the Institute of Entomology and Plant Pathology, Università 103
Cattolica del Sacro Cuore of Piacenza (Italy; code MPVP) and the taxonomic 104 identities were confirmed by Food Science Australia (CSIRO, Sydney, 105 Australia). Conidial heads and conidia of A2057 were described as atypical, but 106 had other attributes which confirmed it as A. flavus. 107 108
Microtitre plate preparation 109
Sterile microtitre plates (24 wells, IWAKI, Japan) with a well capacity of 1 mL 110 and a lid were used. A minimal medium was prepared with NaNO 3 (0.23%), 111
MgSO 4 ·7H 2 O (0.06%), K 2 HPO 4 (0.17%) and KH 2 PO 4 (0.13%). Carbon sources 112 were incorporated into the media at a final concentration of 9.1x10 -3 g C mL -1 well -1 (carbon equivalent to 2% (w/v) glucose); each well of the plate was filled 114 with 700 µL of one CS solution. Carbon sources tested represent the principal 115 chemical components of maize kernels and they are listed in Table 1 . 116 0.90, 0.93, 0.95 and 0.98 a w by adding different amounts of NaCl (Dallyn and 119 Fox, 1980) . The pH was regulated to 6 using a phosphate buffer (10nM, Sigma) 120 (Dawson et al., 1987) . The experiments were conducted twice with three 121 replicates per treatment per strain. 122 123
Spore suspension preparation and inoculation 124
Spores from 7 day old cultures grown on Czapek Agar (CZ; sucrose 30 g; 125 centrifuged in a bench top microfuge for 15 minutes at 3000 rpm. After 132 discarding the supernatant, they were washed three times with 20 mL of sterile 133 water. After the third washing, spores were resuspended with the treatment 134 buffer-NaCl sterile solution and the concentration adjusted to 10 6 spores mL -1
. 135
Wells were inoculated with 100 µL of the spore solution. Microtitre plates 136 without inoculum were prepared and incubated as additional controls. All plates 137 were closed with Parafilm ® and incubated at 20, 25 and 30°C. The presence or 138 absence of fungal growth was checked at 12 hr intervals for up to 120 hrs. The 139 wells were all checked with a microscope to determine whether growth had 140
Calculation of Niche Overlap Index (NOI) 144
Results of CS utilisation were used to calculate a Niche Overlap Index (NOI) 145 (Wilson and Lindow, 1994 The NOI values were between 0 and 1 and it defines whether fungi co-exist, 153
i.e., use common CS (NOI A/B and NOI B/A >0.9), occupy separate niches (NOI 154 A/B and NOI B/A <0.9) or one strain dominates (NOI A/B >0.9 and NOI B/A <0.9 155 strain A nutritionally dominate and vice versa) (Wilson and Lindow, 1994; 156 Arroyo et al., 2008) . 157 158
Data analysis 159
A three factor randomised complete block design ANOVA (ANalysis Of 160
VAriance) was applied to data on CS used by different strains using the 161 statistical and data management package MSTAT-C (MSTAT-C, 1991) . This 162 software is beneficial for experimental design, managing, transforming and 163 analyzing data. The randomised complete block design is a statistical analysis 164 in which each block contains a complete set of treatments; since each treatment 165 occurs once within each block, treatments can be compared within blocks, and 166 so block-to-block (gradient) variations does not effect the treatment comparison 167 (Clewer and Scarisbrisk, 2001) . 168
The percentage of CSs used was computed and arcsine transformation, 169 appropriate for observations which are proportions (Fowler and Cohen, 1990) , 170 was applied before data analysis. 171 172
Results 173
The number of CSs used by the fungi increased in time. During the first 36 hrs 174 after incubation the number of CSs utilized was very limited but significantly 175 increased after 60 hours. Subsequently, up to the end of the incubation period 176 (120 hrs) the number of CSs used by the fungi remained almost unvaried from 177 those recorded after 60 hrs, with variations between 1 and 4% (Table 2 ). For 178 this reason, only data on CSs used after 60 hrs incubation were considered for 179 statistical analyses. Minor variations were observed between replicates, but the 180 data was very similar for the two repetitions carried out. Thus, overall data 181 across both sets of experiments were combined and the means are presented 182 However, at lowered a w levels (0.90), when compared with E. repens then 277 based on nutritional utilisation patters and NOI, they occupied different niches. 278
The inference was that P. verrucosum was not as competitive as other spoilage 279 fungi in primary resource capture on wheat grain at >0.95 a w , although it may 280 alter resource quality and influence secondary colonisation. 281 282 Interestingly, the type of CS was also very important and relevant since 283 carbohydrates, much easier to degrade, allowed faster fungal growth rates than 284 also utilized although at a lower rate and also resulting in a greater lag time 286 prior to growth. These CSs may perhaps be not utilised within the experimental 287 time frame. 288
289
The ability of the two species to assimilate different CS reflects their 290 competitiveness under specific ranges of environmental conditions. However, 291 only extreme conditions were linked to the nutritional dominance of one of the 292 two tested species while in almost all cases A. flavus and F. verticillioides 293 occupied different niches independently from the A. flavus strain used in this 294
study. This suggests that colonisation of maize by these fungi results in different 295
populations occupying different niches and could result in the presence of both 296 aflatoxins and fumonisins. 297
298
The intra-species variability, between toxigenic and non-toxigenic A. flavus 299 strains and CS utilization patterns, did not appear to be related to the actual 300 ability to produce AFs (data on AFs come from other studies); in fact, pairs of 301 the four strains studied showed a very similar behaviour. This type of 302 information can be useful in understanding the ecophysiology of A. flavus and 303 its relationship with Fusarium section Liseola species. It may also be useful in 304 screening competitive non-producer strains of either species for the 305 development of competitive exclusion approaches for developing natural control 306 systems. This can also include specific ranges of relevant environmental factors 307 and maize specific CS. It may also be possible to integrate this approach by 308 
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